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M echanical Properties of Advanced Reinforced Structuresunder Uniaxial Tension
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ABSTRACT: The work aims to study mechanical properties of advanced reinforced structures under uniaxial tension. A static
tensile test was conducted on an advanced reinforcement structure loaded at a constant speed of 0.02 mm/s to 20 000 N. The
strain detection method was applied to obtain the stress and strain distribution characteristics of advanced reinforced composite
structure and metal matrix and investigate the extent to which advanced reinforcement structures reduce the stress level of metal
substrates. Research showed that the advanced reinforcement structure can greatly reduce the stress level of the metal matrix
structure, and the reduction degree was about 85% when the advanced reinforcement structure was intact. According to the
structural characteristics and load distribution characteristics of the aircraft high stress zone, the rational arrangement of ad-
vanced reinforcement structures can increase the transmission path in the local area, reduce the stress level in the local area and
improve the fatigue and damage tolerance performance of the area.

KEY WORDS: advanced reinforced structure; uniaxial tensile action; stress level; damage tolerance performance

rFs B HA: 2020-03-29; &iTHHA: 2020-04-30

Received: 2020-03-29; Revised: 2020-04-30

EE® A 2 A% (1981—), B, ME, SAIEIF, TBHLHF @h CALEMHRE 56,

Biography: LIU Yuan-hai (1981—), Male, Master, Senior engineer, Research focus: corrosion protection and control of aircraft structure.

BIEE: Riks (1988—), H, ML, TEIF, LTZHRTF N BIRARIARE MR G RGITH

Corresponding author: ZHAO Lian-hong (1988—), Male, Master, Engineer, Research focus: damage behavior of aerospace materials in corrosive
environment.



-2 R 7

T # 2020 4 12 H

FI e o Uk A 25K 0 BE L P R A R R R
M B DB 45 A o ) T R AR, AR R AT A R A
BB, PEREAS W oe 3 B B . O TR IE RALAY
Fracge, IR ML A AR . K R0, i
A, FEZS R BT R ATB B BT T8k BB R |
ST ICB, So i R SR 4 F e — T B A 2%
a2 A L4 T i g DX I P 1 e e
HA AT ISR DI RE B LT 2501, S0 Jmy a DX ) £ 326
A, /N SR HR XA IS T3 7K, 4R i 12 DX e ) 8 57
P BRIERES M, DIBREF2E . WIEr o . DAl
R AR, HAT I o B3R B AN/ B,
FHT SeaE e s A5 A0 AT A O LA A Y I 7%
BT, IR C BT R R AR, I HLE
FEANR L C 275 AR CHL & B9 = R 14
AR, JEHEROR B Se i W SR 25 M ) B B 2. Je
TS 5 AR AR AR 43 A PR T b JR e SR A — Fof o
R ZE A G SR B o TE BTN 25 IR 20 bR AR T B
F7AE R B S AR 1 19 32 T3 i, A 5E 88 ] R AT A 1
Ty A v B Jey B X ST Jm B o, LA R AR A 7 A i
Bead e rp RS0 R SR AR FER B E [ FA
FeFAnte | P vk R BT . BRTIE PO ok
PERGSREEH (AR - B A ) 7E CHLLE R R
WAL, et Rt (MR- R At )
SR PERERIT I e P BRI, SO TR T S kR 5
e ANNE A Cipa i 1 SR AR A G (VA I obria
SRZEF RS SRS S ORI T o0 AR L B

RS 3 55 25 R RE AT R0/ Jey 38 DX Sy B 7 7K F-, $i
1o 12 DI PR) J0E 57 R A3 4 BRI RE , bR St 3 i 4544
(4 TR AN A H 28

1 R

1.1 K

WREM BN 2A12-TA 5 et HAR 2 oy I
% Lo WHEACRAIMEFS IR, 1 1 R R/
Bl 1R, 8 EME 3 mm, W5 mE 2 f
INo JCHEHERESHIRY S A AR T300, i J150 i
R AR A iR b, R 1.428 mm, {56 (F
FATIFRRCR N 5 1
1.2 Bk HE e

2% HB 5143—1996 ( 4 J& = IR Hi il ys ik )
ARG Bk, FEF IR 2 1, SR8 0047 00 R A
W, R TT R 56 Y S B0 A JC 0 45 RIS o R etk
SR AE AL I A N A R, R I AR SR AR TR
(R ARAR A, AR B AR A BN 3 R o R
WK R, 5% 5 R T 40 5, IR Xt
FRIEFERL I L . FIFrS b, MR R R F 2
WP MAER, DGR . #% 88 0.02 mm/s )
HEE AT NZE E 20 000 N ( £ SE Y0 [ P9 Ao 28007 ),
R¥F 10~12s )5, M2 IR, SERbid skt B b iy
B 5 AR KN

1 KEHRNLERS

Tab.1 Chemica composition of experiment materials %
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Fig.1 Dimensional drawing of advanced reinforced
structure test piece
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Fig.2 Structural drawing of advanced reinforced
structure test piece
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Fig.3 Schematic diagram of test piece strain gauge arrangement
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Tab.2 Strain test results of advanced reinforced structural composites

WEAT 7 A6, A6 AR F2 rh7E 5000, 7500,
10 000, 12 500, 15000, 17 500, 20 000 N % 7 4
oty s HEA T AR A, hnZk 3] 20 000 N A X 5 4
PEAT TCAG I, R IR IR . ek RS A
R AR IR G SR UL 2 2, 4 JE R Ry AR 3 G SR L

%3

F2 AHEREMESMBNETMXER

N gk R gy PB-F1 {5 1

A /NN 4972.5 7505 10 000.2 12 489.6 14 976.9 17 485.3 20 005
o7 AE I e 2 12.7 108.8 213.8 325.8 4425 566.7 696.3
AR i e 3 6.1 97.6 199.2 312.8 431.7 557.4 686.7
IR i A 4 8.2 98.5 215.6 325.4 445.6 568.2 696.1

N Rl B g PB-F2 {56 1

A K/NN / 7527.1 10 019.7 12 513.6 15001.3 17 477.7 20018.8
P AS R 2 / 83.2 182.3 284.8 389.5 500.7 619.7
P AZ R 3 / 52 140.2 237.7 338.8 4458 559
P AR AT 4 / 60.7 151.1 256.2 364.9 478.4 597.3

TR 2 PB-F3 ik 56 1+

A K/NN 5000.9 7512.6 10 004 12 502 14 980.8 17 521.8 20 013.4
N AR R R 2 164.6 258.2 360.2 468.9 584.1 710.1 838.7
o8 e 3 166.6 256.8 356.1 462.5 573.6 696.4 823.4
IR i A 4 132.3 224.9 326.4 433.6 544 667.1 794.9

E N el B g PB-F4 {5 1

A K/NN 4987.1 7479.1 10 023.3 12 503.7 14 999.8 17 481.9 19974.4
AR il e 2 128 227.9 334.8 449.8 572.2 697.1 824.9
AR Bl e 3 141.2 254.1 378 508.5 647.2 787.9 935.2
AR B R 4 200.2 319 450.9 585.7 728.8 874.8 848.8

I A PB-F5 i 16 4

AT A/NN 5004.3 7497.3 9979.1 12 516.9 15015.2 17 499.8 19 890.2
N AR R R 2 106 207.6 317.8 442.1 569.6 704.7 835
N A% R R 3 113.1 214.8 324.1 444.8 568.1 699.5 827.5
N AR R A 4 108.9 2115 320.7 445.6 569.1 7015 832.9

*3 EHEREMESESERHRETUXER
Tab.3 Strain test results of advanced reinforced aluminum alloy substrate materials

E Nl Bagi PB-F1 i g0 - 55 & 4 # R

A /NN 49725 7505 10 000.2 12 489.6 14 976.9 17 485.3 20 005
iR A 1 158 298.2 4422 583.3 724.4 8717 1024.4
N A R A 5 176.4 305.1 440.3 591.4 745.9 903.3 1059.5
o 78 B g 1 487.8 685.8 874.3 1054.1 1228.6 1402.3 1575.5
o772 it 2 470.9 661.8 844.6 1021.8 1194.1 1365.1 1534.4
I 78 B e 3 486.3 672.0 850.7 1026.9 1198.1 1367.7 1534.0
o773 i 4 506.7 690.9 868.6 1047.8 1223.2 1396.0 1563.5
I 7 B g 5 505.5 692.0 872.2 1057.2 1238.9 1417.7 1590.4
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e g i PB-F2 i3 {148 & 4 o B
E=RET AN\ / 7527.1 10019.7 12513.6 15001.3 17477.7 20018.8
PR R 1 / 267.8 399.4 525.6 650.7 781.3 919
NEAR R 5 / 225.2 3385 468.4 599.5 733.1 869
I AR s 1+ / 784.6 994.4 1191.2 1380.1 1569.7 1763.0
IS P A 2% / 742.1 940.5 1131.0 1313.9 1496.7 1681.2
AR Rt i 3* / 714.6 904.4 1091.9 1272.3 1451.4 1630.8
NEAR R A 4% / 692.7 877.1 1065.7 1247.8 1428.0 1607.0
N AR J It S 5+ / 664.5 835.3 1017.1 1192.1 1365.9 1536.4
N g i PB-F3 i3 -5 6 b R}
=R CINAN]\ 5000.9 7512.6 10 004 12 502 14 980.8 17 521.8 20 013.4
AR R s 1 265 397.5 534.4 679.1 826.6 981.7 1136.8
PR RS 5 239.8 368 500.7 635.3 768.5 913.2 1060.6
AR Rt e 1% 399.5 597.0 787.0 981.5 1170.9 1362.2 1545.0
NEAR R 2% 407.5 602.0 788.3 976.5 1157.3 1340.9 1516.9
AR I 3* 399.6 591.4 775.1 959.3 1137.1 1317.8 1491.5
IS P A 4% 379.3 567.4 748.4 929.0 1101.7 1277.4 1445.7
AR R i 5+ 401.4 597.8 787.3 975.5 1154.6 1338.0 1514.2
A PB-F4 g0 {448 & 4t R
i K /NN 4987.1 7479.1 10 023.3 12 503.7 14 999.8 17 481.9 19974.4
AR R 1 202.2 315.9 429.6 552.2 679.7 804.1 929.9
AR RS 5 257.3 410.7 576.1 739.5 908.8 1079.6 1256.8
P A P 1 401.6 578.1 747.8 917.2 1087.0 1249.0 1407.9
AR Rt i 2% 406.3 582.0 752.4 921.4 1090.1 1251.3 1409.6
NEAR R 3% 398.9 578.3 755.2 929.1 1101.9 1268.6 1433.0
AR It S 4+ 405.2 594.7 783.1 966.2 1148.2 1323.8 1498.6
P S P A B 461.4 657.5 854.4 1043.5 1232.1 1415.8 1599.2
N g i PB-F5 i3 {148 & 4 o4 Bk
E= R NANI\ 5004.3 7497.3 9979.1 12 516.9 15 015.2 17 499.8 19 890.2
P AR R 1 188.1 300.3 418.9 554.1 689 828.3 960.2
N AR R 5 274.1 429.8 584 736.2 887.3 1045.7 1198.5
I AR s 1+ 403.6 580.5 753.3 935.3 1109.3 1281.7 1439.4
P AE P 2% 411.6 592.9 768.7 949.3 1121.7 1292.8 1449.5
AR Rt i 3* 405.0 591.5 771.4 952.5 1125.0 1296.7 1454.8
NEAR R A 4% 4426 639.8 828.9 1016.0 1194.2 1371.9 1536.2
N AR J It S 5+ 547.1 761.5 968.8 1159.8 1341.8 1511.8 1629.0

2.2 RWEIES T

PN S vt ik SR R VA WL b i e 1)
Ph 0.02 mm/s [ B A 4L 22 20 000 N, 4351 I3k
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4 8 Bk 25 #4978 5000, 7500, 10 000, 12 500,
15000, 17 500, 20 000 N F¥))i J3 404 K/, il 3 2
S IEM R IEERE TN, 2A12-TA B3P E w h
68 GPa, & &M BRI E «yoh 136.2 GPa, %t
PRSI B S SR RE 2¢, Bt AP TIE L 4,

R4 EHEBREMHNEAGMRNNSH

Tab.4 Stress distribution value of composite materials

with advanced reinforced structure MPa
" A4
BTN 2#NAR AN SHIAERL  ARNAERT
EN s
5000 11.5 119 12.6 30.3
7500 19.8 19.6 20.4 455
10 000 315 31.2 32.7 60.6
12 500 44.0 43.9 457 75.8
15 000 57.1 57.2 59.2 90.9
17 500 71.0 71.2 73.5 106.1
20 000 85.2 85.6 84.2 121.2
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Tab.5 Stressdistribution value of aluminum alloy
substrate with advanced reinforced structure ~ MPa

AN MR SR A OB
o
5000 115 11.9 12.6 30.3
7500 19.8 19.6 20.4 45.5
10 000 315 31.2 32.7 60.6
12 500 44.0 43.9 45.7 75.8
15 000 57.1 57.2 59.2 90.9
17 500 71.0 71.2 73.5 106.1
20 000 85.2 85.6 84.2 121.2
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Fig.4 Uniaxial tensile test of aluminum alloy test pieces
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Fig.5 Change graph of stresslevel ratio of advanced
reinforced structure
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